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The Og - Cz2D2 Reaction: An Endoergic Stripping Process
M. M. Chiang, Brucé H. Mahan, and Charles Maltz

Inorganic Materials Research Divisiohvof the Lawrence

i ‘Berkeley Laboratory, and Department of Chemistry,

University of California, Berkeley

ABSTRACT

We have determined the product velocity vector

distributions for the endoergic (AEZ = Z;ZSeV) atom

abstractioh reaction O: (Cz2Dez,C2D) 02D at a number of
values of the initial relative energy. Deuterium atom
abstraction occurs at higher'energies by a.spectator
stripping process. An energy threshold fof’the zero angle
reactive scattering prqéess is obsérvedjwhen the énergy

of the O: projectile relative to the abstracted atom is

equal to the endoergicity of the reaction. The results

show that the spectator stripping process is nbt to be
uniquely associated with exoergic reactions or those Which
proceed along mdnotonically decreasing potential energy

surfaces.
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In ion-molecule collision phenomena, the spectator'
stripping model has proved to be a useful first approximation
to the dyhamics of exoergic hydrogen, and deuterium atom
abstraction reactions'such as N!(Hz,H) NaH', N'(CHa,CHs) NoH',
Ar*(D2,D) ArD', and CO*(D2,D) COD*. In its simplest, or
"ideal" form, the model involves no force and thus no recoil
between the deperting’reaction products. Applied to the
Art(Dz,D)ArD" reaction, for eXample, the'model leads to the
prediction of no_velocity chahge‘for-the freed or "spectator"
atom as‘a result of the'collision, and the”ionic product
ArD appearlng only at zero angle in the barycentrlc system,

w1th a speed determlned by the conservatlon of momentum of

o the progectlle-abstracted atom system. The reactlons mentioned

above do show a high intensity product peak at or very near the

velocity predicted by the ideal strippihg modél over considerable‘

ranges of initial relative energy. There ere, of course, other
:'meortant'featuresz’3 to the product velocity vector distributions
for these abstractlon reactlons, but the strlpplng peak 1is an
1ntr1gu1ng common feature ‘

The_spectator stripping model'alsoxleads to the prediction
that in an atom abstraction reaction the internal energy U of
the ionic product will be equal to the 1n1t1a1 kinetic energy
of the projectile ion relatlve to the abstracted atom Ea’ plus
the exoergicity of reaction —AEg.

!
— - 0
vU = Ea, AEO

It is of course a general physical requirement that U be

equal to or greater than zero. For exoergic reactions this
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presehtsvno limitation on the projectile energy, asidé from
the ever present requirement that U' be émall enough to insure
product stability. However;_for endoergic reactions there is
clearly also a_lowér limit Ea = AEg for thevprojectilevenergy
below which spectator stripping is not possible. Moreover,

the néture of the stripping process suggests intuitively at

least the possibility that it might only be operative in exoergic

reactions for which the potential energy surface is essentially
smoothly_décreasing from reactants tQ products. The purpose
of the work reported_in this paper was to examine the dynamics
of an éndoergic atom abstracﬁion reactioh‘to determine whether
the stripping phenomenon can oécur in such a process, and to
attemﬁt tQ detect the predicted energy threshold for spectator
stripping; | |

The.reaction

o:‘+’cang — 020" + C2D COEC = 2.23eV

was chosen because it is a simple endoergic® atom abstraction

reaction with rather favorable kinematic aspects. For a

given pereétile laboratory enefgy Eo, thé'energy relative

to the abstracted atom is

E, = EOM(D)/(M(og) + M(D)) =VO.0588Eo

~whereas the energy of the projectile relative to the whole

deuteroacetylene molecule is

E, = EoM(C2D2)/(M(0z) + M(c:De))'= 0.467Eo
For the projectile energies employed in this work, Er is
alwéys'Well in excéss of the 2.23eV eﬁdoergicity of the
reactioh, while Ea may be comparable to or'greater than.

2.23 eV. Thus if a kinetic energy threshold for production
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of OéD+ is observed, it is strong evidence that the spectator
stripping model is a good first approximation to the dynamics

of even this endoergic reaction.

EXPERIMENTAL
The instfumeht used in this work consists of a magnetic

mass spectrometer for preparation of a collimated beam of

e

primary ions of known mass and energy, a scatteringcellvtd'
» contain the target gas, an ion detection train made up of an

electrostatic ehergy analyser, a qQadrupole pass'spéctrometer,

and an'ionvcounter. The detector components- and the exit‘ B ‘i
aperture of the scattering cell are mounted on a rotatéble 5
1id which’permits simultaneous-angulaf and energy measurements :
of the ion products. The-major components of the appafatus-
have been deéCribed previously®. In all important respects,

the constitution apd'operation of the apparatus and the data

acquisition and reduction techniques were the same as we have
2,3

used in earlier work®:~.
The primary ions were extracted from a microwave discharge .

through oxygen®. Because of the low electron temperature g

(~5eV) that is characteristic of these discharges, reiatively
few electrons have energies greatly in excess of 10eV.
Consequently, most ofvthe ionization,is:produced by electrons
which are energies which are not much greater than the ionization N
energy of.the gas (l2.2eV),'and the‘numberbof metastable excited
ions such as OZ(4Wu), which requires_l6ev to be produced, is
much smaller in a microwave discharge thaﬁ'in a ¢onvéntional_
SOeV'elecﬁroh impact source. | |

'Beam attenuation experiments of the type deséribed by

Turner, et al®, showed that the momentum.anaIYZed OZ beam



contained less than 3% exéitéd metastable ions. The vibra-
- tional excitation of the ions in the 2Fg grdund state of O:
is not known, but Franck-Cohdpn faCths7 suggest that most
ions are in the excited vibrational levels if5, with the
average vibrational energy being aptroximatély'O.SeV.
| RESULTS AND DISCUSSION

Figure'l shows contour maps of the velocity vector
distribution of OzD+ determined at two'pfojectile energies.
A'bainéntric coordinate system is used, and the product
intensity is given as a specific intensitygvortcartesian
flux® in arbitrary units. The quantity Q is thé‘differencé
between the final and initial relative kinetic energies of
the products and’feactants. The small crosses at or near
~the 1nten81ty peak mark the location of the ve1001ty of OzD
calculated accordlng to the spectator strlpplng model.

It is clear that most of the product 1ntens1ty lies in
a small‘range of speed and angle centered‘at the ideal stripping
velocity, having dimensions which are only sllghtly greater'
than the prlmary beam proflle It appears-then that virtually
all the atom abstraction that occufs at thesé very high total
relativetenergies takes place by the spectator stripping process.
The fapid fall*off of product intensity With'increasing scattering
angle suggésts that the stronger interaétions assoéiated with
the iarger angle scattering_in fact iead_to.such processes as
collisiOnal aissociétion; excitatiOn,vOr péfhaps_more'complex
reactiorni processes which compéte.with the_stmple atom abstraction

process.
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The 02D+'intensity in the maps of Figure 1 and in the
other experiments we performed lies almost entirely in the
range:-lo < QK -2.23. For ground state reactants, and for
the products 020" and'CeD, Q is given by

Q = —AEO-U |
The product internal excitation U' has e loye;rlimit of
zero, and an upper limit of the sum of the}dissociation
energies of the O:-D aod C2-D bonds. Thus Q must lie in
the range® .
- -9.7 @ -2.23
The absence of products in regions in which»Q is more
negative than -10eV suggests tﬁatftherelafejno reactions of
appreciéble importance'iﬁ*vhich 020" is formed and CazD is
either'electroniCally excited or’fragmentedl

Table I gives the ratio of the most probable product
1aboratory veloc1ty to the prOJectlle velocity. - For an
ideal strlpplnCr process, this ratlo should be 32/34 ; 0.941,
and most of the data are quite close to this value, particularly
those:experimenﬁs at the higher energies. The values of Q at the
intensity peaks are also given in Table”l; The ValueS'are all
more negatlve than -5eV. .If all product internal excitation
were to appear 1n the OzD fragment, the most negative value
of Q@ consistent with the stablllty of” 02D -would be -4, 80eV.
Since the observed most probable values of Q are as much as
1.3eV more negatlve than this, we can conclude that the CzD

fragment 'is produced internally excited by amounts of this

generalvmagnltude,'even though little or no momentum 1is




transferred to it in the reaction process. If the abstraction

were essentially a Franck-Condon process with respeot to the

'CéD fragment; internal excitations of'thistmagnitude would

appear to be reasonable.
vThe product intehSity contOur maps and the scaus of

iutensity at zero.scattering angle indicate that the abstrac-
tion reaction is well describedvbyvthe'spectator stripping
model. .One expects on this basis that the differential cross
section for abstraction at zero scattering angle should exhibit , 'é
a. threshold at a projectile energy of ZtESeV relative to the ' t:%
abstracted atom, or at 37.9eV invthe laboratory system.
Figure:Z;shows the zero angle differential cross section as _ !
a_function of projectile energy. The'differential cross |
sectiou I (6 =0) is calculated from the speciflc 1ntens1t1es

T plotted in the contour maps by the express1on : : f

(6 = O)'=/ T (u) u3du.
70 .
For projectile energies above 75eV in the laboratory

system, the cross section for abstraction falls with increasing

' projectile energy ThlS behav1or is similar to that observed

for several other atom abstractions, © 53,9 and is pr;marlly a

result of the dlfflculty of stablllzlng the iohié reaction

product agalnst dlss001atlon as. the collls1ond1 energy 1ncreases %
Por 1abordtory energies between 40 and. GOeV the cross section |
falls as the energy decreases 'and reaches O 1 its maximum

value at 45eV laboratory energy Thus the behav1or of.the

cross section at these lower energies seems to be consistent
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with a threshold at apprdximately 38eV in the laboratory
system. The total rélativé energy of O: and Cz2D2 is 17.7eV
at ﬁhis 1abofatory energy, far in ekcess of the reactioﬁ
endoergicity or aﬁy additional energy barriers that might
be expected. The projectile energy relatiVe to the‘abétracted
~atom is close to 2.23eV at the réacﬁion threshold, as predicted
by the stripping model. The fact that threshold behavior is
‘obserVed even though‘thé total relative enefgy of O: and Cz2D2
greatly exceeds the rea¢ﬁion endoergicity'isran additional -
strong indication that the C2D frégmehﬁ.écts‘as a- spectator
in the abstraction process, and only the enéréy,of O: relative
to the abstracted atom is effective in'removihg thé deuterium
atom.- Our results also make it cleaf that spectator stripping
can occgf in an endothermic reaction procéss,~and‘is therefore
not nécessarily to be_associated only with "attractive" or
"downhillf potehtial energy surfaces that'are thought to occur
in exoergic idn-molecule“reactiohs.', | |

Acknowledgeﬁent: Thié'work was supported by the U.S.

Atomic Energy Commission.

'\_)




“ ‘

Fig. 1.

Fig. 2.
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‘Figure Ceptione
Contour maps of the specific intensity of 02D"

from the'o: - C2D2 reaction at 125 and 99.4eV

:1aboratofy energy. The small crosses locate

the velocity of 02D' formed by the epectator

._ Stripping process.  The circles merked-Q = -2.3

and'Q = -10eV are, respectively, the veloc1ty

11m1ts for products w1th the minimum and maximum

'allowable 1nternal ex01tatlon;‘ The angles are

-measured in the barycentric system.

A plot of the relative differential reaction cross
section at zero scattering angle as a function cf

the‘O: projectile energy.. The upper scales give

" the energy of the projectile relative to CzDz and

relative,to the abstracted deuterium‘atom} The

,arrow locates the threshold for reactlon calculated

us1ng the spectator strlpplng model
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Table T

.fii_ E, E, - v ;fi__ . 1(6=0)?

45.2 21.1 2.66 0.923 -5.5 0.6

50.2 23.4 2.95 0.912  -5.7 2.0

50.7 23.6 2.98 0.914 -5.6 0.9

60.8 - 28.4 3.58 0.923 -5.5 1.9

61.2 28.5  3.60 0.923  -5.5 1.9

75.1 35.1 4.42 o.933 . —5.5 5.2

99.4 46.4 5.84 0.943 -« -5.5 1.9
100 . 46.8 5.90 0.942 i' -5.7 3.3

121  56.4 7.11  0.945 -6.0 2.0

125 . 58.3 7.35 0.945 -6.1 1.2

140 o 65.2 8.22 0.949 =6.0 1.1

a. All energies in eV.

" b. Arbitrary units.
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